Background: To find out the prevalence of active hepatitis C virus (HCV) infections among general public in Lahore city, since data concerning the prevalence of active HCV in this city is currently unavailable.
Background
Hepatitis C is an infectious liver disease of humans and chimpanzees and is caused by the HCV [1] . The infection is often asymptomatic especially in its early stages but once established, it can progress to advanced liver diseases such as liver fibrosis and ultimately cirrhosis. These liver diseases can further lead to other complications such as liver failure and liver cancer [2] . In 2004, the World Health Organization (WHO) reported that annual deaths all over the world due to liver cancer and cirrhosis caused by HCV were about 308,000 and 785,000, respectively [3] ; and about 200 million people, the 3.3% of the world's population, are infected with HCV [4] . Moreover, around 3 to 4 million individuals are diagnosed as new cases every year [5] .
In Pakistan an alarming rate of HCV outbreaks have been reported. The previous estimates indicate that around 10 million people are infected with HCV in Pakistan [6] [7] [8] . Prevalence of HCV has been noticed to be highly variable in different regions and even in different groups of the same community [9] . According to various studies, the presence of HCV infections among different categories (excluding chronic liver disease patients), was 5.31% in Islamabad [10] , 0.4-31.9% in various regions of Punjab province [6, 7, [11] [12] [13] , 4-6% in Sindh province [6, 7, 13, 14 ], 1.1-9% in Khyber Pakhtunkhwa province [6, 7, 13, [15] [16] [17] ], 1.5% in Quetta region [12, 13] and 25.7% in Gilgit Baltistan province [18, 19] . While in Lahore, the second largest city of Pakistan with a population of more than 7 million [20] , HCV prevalence was estimated from 0.58-17.78% [6, 13, 19, [21] [22] [23] [24] .
Two major issues undermine the credibility of the published data: firstly, the number of samples included in most of the cohort studies were too small; secondly, dissimilar methodologies adapted by various researchers made it highly inappropriate to conduct a formal metaanalysis to assess the accurate national prevalence [7] . Most of the studies conducted so far, have relied on the presence of anti-HCV antibodies in the blood samples using immunochromatographic tests (ICT), enzyme immunoassay (EIA), recombinant strip immunosorbent assay (RIBA) and enzyme linked immunosorbent assay (ELISA) techniques. All these techniques are fairly error prone and have been reported to generate around 50% false positive results as compared to PCR confirmatory assay [15] . Approximately 60-85% of HCV patients can develop chronic hepatitis, while the remaining 15-40% can clear the HCV infection. A number of these individuals, however, can still be detected as HCV positive using non-PCR immunoassays such as ELISA, RIBA, EIA, ICT etc., due to the presence of anti-HCV antibodies in their blood [15] . Nevertheless, to date there is hardly any PCR based prevalence studies conducted in Pakistan with statistically representative number of samples. PCR has emerged as the most powerful diagnostic tool for the detection, quantification and genotyping of active HCV RNA in the blood.
In the present study, over 4000 blood samples were randomly collected from individuals visiting different clinical laboratories in Lahore, Pakistan. These samples were screened through confirmatory nested PCR qualitative assay to determine the percent prevalence of active HCV in various subjects. To the best of our knowledge, this is the first comprehensive report concerning the prevalence of active HCV in Pakistan's 2 nd largest city and its surroundings, with a statistically significant number of samples. The data was also correlated and categorized in terms of gender and age groups. This report will thus provide the HCV prevalence data for further metaanalysis that can help to devise strategies by the health policy makers for the control of hepatitis C disease.
Results
Out of 4246 blood samples, 1914 were collected from male and 2332 from female subjects. Moreover, all the individual samples were categorized into six age groups. The PCR results revealed that 210 (4.9%) individuals had active HCV infection (Table 1) . Gender-wise prevalence of active HCV infection was estimated to be 5.27% in male (101 positive out of 1914 samples) and 4.67% in female subjects (109 positive out of 2332 samples), respectively. Although the probability trends were slightly higher among males of all age groups than females, statistically there was no significant difference in gender with OR = 1.10 CI = (0.83-1.46), p >0.05, as elaborated in Table 1 .
Substantial differences were observed considering the age group criterion. Out of the 458 individuals tested in ages ranging from 9-19 years (both male and female), only 15 (3.3%) were HCV positive. The highest numbers of positive individuals (69) with 7.7% prevalence were among the tested subjects (891) in the age group 20-29 years (Table 1 and Figure 1) . Statistically, the odd of prevalence of HCV in individuals in age group 20-29 years was 14.8% higher than the individuals in age group 9-19 years (OR = 2.48,CI = (1.40-4.38), p < 0.05), as illustrated in Table 1 .
In the age group 30-39 years, HCV prevalence, though slightly less than that found for the 20-29 year group, was still significantly higher (10.3%) as compared to age group 09-19 years (OR = 2.03, CI = (1.10-3.71). Subsequently, a decreasing trend of HCV prevalence was observed with increasing age of subjects above 40 years. The lowest prevalence (3%) of active HCV was observed in the age group 59 years and above. Overall active HCV prevalence among all the tested samples was estimated to be 4.9% and the risk of HCV prevalence was significantly higher in the middle age groups (20-29 & 30-39 years).
Discussion
In Pakistan,~6% population is suspected to be infected with HCV [6, 7, 25] and HCV prevalence data published so far is highly variable. In most of the studies conducted so far, either the number of samples reported are too small to draw any solid conclusion or the methodological differences have made it impossible to conduct a formal meta-analysis to determine accurate prevalence estimates [7] . Among all the published reports, 99% of the data originated from erroneous non-PCR qualitative screening methodologies, mostly based on the detection of anti-HCV antibodies. Active HCV prevalence estimated during our research (4.9%) is lower than that reported by Aslam et al. [24] (6.7% based on 488 samples from the general population of Lahore). Similarly, the current estimate is much lower when compared with a nationwide data surveillance study conducted through an ELISA blood screen by Qureshi, et al. [12] , who reported 6.8% HCV prevalence in Lahore based general public. Our estimates were, however, much higher than those of another study in which 203 blood samples from staff and students of University of the Punjab, Lahore, were assayed through ELISA by Tanvir et al. in 2008 [26] . In yet another series of research conducted in pediatric population by Khan et al. [22] , Parker et al. [23] and Hyder et al. [27] HCV prevalence was reported as 4.09%, 1.3% and 0.58%, respectively, which is again lower as in comparison to our reported results ( Table 2) .
The only PCR-based HCV active prevalence study conducted in Lahore was reported by Zafar et al. [28] for a cohort of pregnant women. Out of 300 screened samples, 4% were found to be positive. Although this figure is relatively close to our figure (4.9%) the number of samples tested and the study subjects were less broad. Moreover, our active HCV prevalence estimate in general public of Lahore city is much lower than the values reported by Chaudhary et al. [29] and Akhtar et al. [21] among blood donors in Lahore, which revealed HCV prevalence as 6.06% and 17.78%, respectively; indicating highly variable results (Table 2 ). Both studies were conducted using ELISA as a screening tool. HCV prevalence in IDUs [30] and haemophilia patients [31] , reported as 88% and 56% respectively, are much higher in comparison with our results.
Gender-wise HCV prevalence revealed no significant difference [OR = 1.10 CI = (0.83-1.46), p > 0.05] in male and female populations, as detailed in Table 1 . Our study is in agreement with the previous country-wide as well as Lahore based surveys [12, 20, 32] . It is, however, in contrast with a recent study showing female to male ratio of 1:16.5 (Table 2 ) presumably due to the subjects were restricted only to blood donors and ELISA was used as a diagnostic tool [21] .
Considering the age group criterion, significant differences were observed in the prevalence of HCV in both genders. The highest prevalence 7.7% and 6. 3.71), respectively. Both of these values are higher compared to the age group 9-19 years. In age groups above 40 years (40-49, 50-59 and >59 years), a decreasing trend of active HCV prevalence was observed (Table 1) . These results are in agreement with the previous studies particularly those conducted in Lahore city revealing the higher risk of HCV prevalence in middle aged groups (20-40 years) [20, 24, 33, 34] . The high prevalence of HCV in middle aged groups can be correlated to more exposure of HCV infection and other risk factors such as non-blood transfusions, widespread reuse of syringes, and a range of other high-risk traditional practices.
Conclusions
Using the PCR based diagnostic assay for 4246 blood samples, the overall prevalence of active HCV was estimated as 4.9% in general public of Lahore. No significant differences in male and female genders were observed. However, HCV prevalence varied in different age groups. It was least prevalent in age groups 9-19 and above 59 years. However, middle aged populations, especially 20-29 and 30-39 year individuals were observed at higher risk of hepatitis C ailments with 7.7% and 6.4% active HCV prevalence, respectively. This report will provide the active HCV prevalence data for further meta-analysis, which can be helpful to health policy makers to devise strategies for the control of hepatitis C disease in Lahore in particular and in Pakistan in general. From the results of the present study, future PCR-based studies will result in lowering the previously reported estimates (i.e. 6%) of prevalence of HCV in Pakistan.
Methodology

Collection of blood samples
In this study, 4246 blood samples were collected randomly from individuals visiting different clinical laboratories of Lahore between 2010 and 2012. As the study was designed to represent the general public HCV prevalence, the samples were collected randomly from individuals who visited laboratories for any purpose such as some clinical test, sample submission, report collection or blood screen etc. Samples were collected from both genders having ages ranging from 9 to > 59 years. Informed consent was taken from every individual being tested and approval was obtained from institutional ethical review committee. History of individuals was recorded in the form of questionnaires. Serum from each of these blood samples were separated by centrifugation at 4000 rpm for 5 min. Each sample was properly labeled and stored at −20°C until (on every coming Monday) it was shifted to National Institute for Biotechnology & Genetic Engineering (NIBGE) Faisalabad for PCR diagnostic assay. Besides the gender groups, samples were also categorized into six age groups to determine the prevalence in each age group. Viral RNA extraction and cDNA formation RNA was extracted from these samples using the Qiamp Viral RNA extraction kit (Qiagen, USA) according to manufacturer's instruction. Serum sample (140 μl) was used to extract RNA that was eluted in 60 μl elution buffer supplied with kit. RNA was used in making cDNA immediately after extracting RNA or stored at −80°C for further use. cDNA was prepared in a total reaction The temperature conditions were the same as in the first round of PCR except the primers used, which were complementary to the PCR product of first round PCR [36] .
Analysis of PCR product
The amplified PCR products of nested PCR were run on 1% agarose gel prepared in 1X TBE (Trizma base, boric acid) buffer. Ethidium bromide dye (3 μL, 1% w/v) was also added in order to make the bands visible under UV light. The samples were loaded into the well by mixing with bromophenol blue and gel was run under constant voltage of 80 until the dye reached the other end of the gel. The bands were visualized under UV light. The sensitivity of the PCR based qualitative assay was noticed around 200 IU per ml of the sample.
Statistical analysis
All of the PCR based HCV qualitative data were statistically analyzed using Minitab version 16.2 for Windows. Binary Logistic regression was performed in order to examine the prevalence of HCV associated with sex and age. Statistical tests of the regression estimates or odds ratios (OR) were based on Wald statistics. The Hosmer-Lemeshow statistics has suggested that the logistic regression model fit the data adequately and 95% confidence intervals for odd ratios were calculated. A p-value < 0.05 was defined as statistically significant. 
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